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FIGURE 1-2, SPACECRAFT ISOMETRIC 


30 rpm on station. The spinning section contains the propulsion, attitude con- 
trol, and power subsystems. The despun section contains the telemetry, 
command, and communication subsystems and the spacecraft's earth pointing 
antennas. The antennas and the equipment on the despun platform are 
replaced by the 30/20 GHz payload. The spinning section is virtually 
unchanged. 

The LEASAT propulsion system incorporates the perigee and apogee 
stages needed to lift the spacecraft from low Shuttle orbit into synchronous 
orbit. A liquid propellant system will be used for perigee augmentation and 
the complete apogee impulse. Four years of on-orbit station keeping and' 
attitude control will be provided by a standard monopropellant hydrazine 
system. 
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1. SYSTEM SUMMARY 


The communications concept is illustrated by the block diagram 
of the satellite payloa^’ s ' igure 1-1). It consists of trunking service (TS) 
and customer premie. ervice (CPS) experiments. The trunking system 
serves four spot beams which are interconnected in a satellite switched 
time division multiple access (SS TDMA) mode by an IF switch matrix. 

The CPS system covers two large areas in the eastern half of the United 
State.s with a pair of scanning beams. The individual spots which comprise 
these CPS areas are interconnected through a baseband proces.sor (BBP) 
on board the satellite. Both trunk and CPS systems use an antenna with a 
10 foot main reflector. The downlink data rate of 256 Mbps (for both trunk 
and CPS) are supported by 40 watt TWTAs being developed for NASA by 
Hughes Electron Dynamics Division. Since the trunk and CPS services 
are not simultaneous, the trunk TWTAs are also used for the CPS. The 
CPS total uplink data rate is broken in 3 2 Mbps uplink channels so that 
low cost earth stations can be employed. 

The NASA 30/20 GHz flight experiment has a 2 year duration, however, 
Lhe satellite is to be designed for a 4 year lifetime so that additional use of the 
satellite can be made by industry if there is a need. The spacecraft propul- 
sion system must have fuel for 4 years of stationkeeping in both inclination, 
longitude, and spacecraft attitude. 

It is a NASA requirement that the communication payload be installed 
on an existing spacecraft bus. A 4 year lifetime is required. The bus 
employed by Hughes is the LEASAT spacecraft. Figure 1-2 shows the 
30/20 GHz flight experiment installed on the LEASAT bus. The antenna 
employs a Cassegrain configuration. The planar surface is a frequency 
selecti 'e screen which separates the transmit and receive signals. The 
trunk feeds are part of the scanning beam feed arrays which are shown. The 
20 GHz beacon antenna is also visible. The beacon signal is available on 
propagation measurements anywhere in the contiguous United States (CONUS). 

It also carries the telemetry and ranging data. 

The LEASAT spacecraft configuration is shown in Figure 1-3. It is 
the first communication satellite designed to be launched only by the Space 
Shuttle and to take full advantage of the Shuttle's considerable launch cost 
savings. In its launch configuration, LEASAT is 422 cm in diameter and 
430 cm in height. The spacecraft is a dual spin configuration, with a rate of 
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FIGURE M. SPACECRAFT FUNCTIONAL BLOCK DIAGRAM 




















FIGURE 1-2, SPACECRAFT ISOMETRIC 


30 rpm on station. The spinning section contains the propulsion, attitude con- 
trol, and power subsystems. The despun section contains the telemetry, 
command, and communication subsystems and the spacecraft's earth pointing 
antennas. The antennas and the equipment on the despun platform are 
replaced by the 30/20 GHz payload. The spinning section is virtually 
unchanged. 


The LEASAT propulsion system incorporates the perigee and apogee 
stages needed to lift the spacecraft from low Shuttle orbit into synchronous 
orbit. A liquid propellant system will be used for perigee augmentation and 
the complete apogee impulse. Four years of on-orbit station keeping and' 
attitude control will be provided by a standard monopropellant hydrazine 
system. 
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FIGURE 1-3. LEASAT SPACECRAFT STOWED CONFIGURATION 
TABLE 11. SPACECRAFT WEIGHT SUMMARY 


Item 

Payload Weight, lb ^ 

Payload 

465 

Antenna 

189 

Microwave 

123 

Digital 

111 

Margin (10%) 

42 

Bus 

2,285 

TT&C 

123 

Controls 

75 

Power 

541 

Propulsion 

323 

Structure 

1,100 

Margin (rotor) 

114 

Spacecraft (dry) 

2,750 

Propellant (BOL) 

345 

RCS (4"^ yr) 

324 

LAM residual 

21 

Spacecraft (BOL) 

j,095 


Transfer orbit expendables 
Shuttle deployment 
Cradle and ASE 
Shuttle payload 


12,191 

15,286 

1,785 

17,071 
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The 30/20 GHz flight experiment vehicle will weigh 17,071 pounds in 
the Shuttle bay and 3, 095 pounds when it reaches synchronous orbit. Its weight 
at the end of 4 years will be 2, 750 pounds. A weight summary is given in 
Table i-1. The total spacecraft weight margin provided by excess propulsion 
capability is 156 pounds. A 10 percent payload weight margin of 42 pounds 
was allocated to the payload leaving 114 pounds as rotor weight margin. The 
ultimate limit vn payload weight is the stability requirement that the spin to 
transverse inertia (Is /It) ratio be greater than 1. 05. As much as half of the 
114 pound rotor margin could be reallocated to the payload if the remainder 
of the rotor margin were positioned near the perimeter of the rotor. The 
actual fraction of the 114 pounds which is available for the payload depends on 
whether the payload weight growth was above the despun platform (e. g. , 
antenna) o. in the despun platform which is near the center of gravity. If the 
first of two options which were studied at NASA’s direction were implemented, 
the payload weight would be reduced by 49 pounds by eliminating one of the 
scanning beams and reducing the BBP throughput. The additional margin pro- 
vided by option 1 does not appear necessary. The second option, which added 
an FDMA capability to the payload, added 16 pounds to the payload. Adoption 
of option 2 would appear to leave adequate margin. Also, option 2 could be 
removed if necessary without any significant effect on the remainder of the 
payload. 

Table 1-2 is a power summary of the 30/20 GHz spacecraft. The 
major portion of the trunking service payload power is for the four 40 watt 
TWTAs. In the CPS mode, only two of the TWTAs are used but the BBP, 
which is used primarily for the CPS mode, replaces these TWTAs as a power 
user. The effect in power demand of the two options is insignificant com- 
pared to the very large power margin. 


TABLE 1-2. POWER SUMMARY (WATTS) 



Baseline 

Item 

TS 

CPS 

Payload 

Antenna 

1.8 

9.8 

Microwave 

515.6 

285.6 

Digital 

41 

223.2 

Bus 

228 

228 

TT&C (48) 
Controls (37) 
Power (92) 
Thermal (51) 
Spacecraft 

786.4 

746.6 

Capas lity (4 yr) 

1,090 

1,090 

Margin 

303.6 

343.3 
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The 30/20 GHz flight experiment spacecraft will be carried in the 
Space Shuttle as shown in Figures 1-4 and 1-5. It will be neld in the Shuttle 
bay by a reusable cradle, which attached to the mainframe of the Shuttle at 
five points. While the Shuttle is orbiting at an altitude of 160 n. mi . , the 
spacecraft will be ejected by two springs which supply a separation of 
160 n. mi. , the spacecraft will be ejected oy two springs which supply a separa- 
tion velocity of 40 cm/sec and a rotational speed of 1. 8 rpm. Spinup rockets 
will increase the satellite's rate to 30 rpm approximately 300 seconds after 
release. The solid propellant perigee motor w'ill be fired 45 minutes after 
release. The empty motor case and its supporting structure will then be 
dropped. The liquid propellant motors will supply the additional velocity 
needed to put the spacecraft in elliptic transfer orbit. On reaching synchro- 
nous orbit, the communications antenna will be deployed and operational 
service will begin. 



FIGURE 1-4. LAUNCH CONFIGURATION 
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A summary estimate of the reliability of the space segment is given 
in Table 1-3. The reliability of the launch and orbit insertion is included in 
the estimates. The estimate uses an existing reliability estimate for the 
LEASAT bus and the number and type of parts used in the payload. The 
assumptions and model used are described in 4. 3, Space Vehicle Reliability. 

The reliability shown is quite adequate to meet mission objectives, 
particularly since the partial failures of case 4 will not seriously interfere 
with these objectives. The scanning beams each have a total of 16 spots in 
the uplink and 10 spots in the downlink so the loss of one spot from each of 
the two areas can be tolerated. The reason for the lower reliability of the 
CPS relative to the trunking service is the complexity of the beam forming 
networks of the scanning beams. 
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The terrestrial segment of the 30/20 GHz flight experiment coraists of 
trunk terminals, CPS terminals, and a master control terminal (MCT). The 
trunk terminals have 5 meter antennas and employ site diversity to improve 
propagation reliability. The CPS stations are of two types: 1) small stations 
which transmit at a 32 Mbps burst rate and use a 3 meter antenna, and 
2) large stations which transmit at 128 Mbps and use 5 meter antennas. All 
terminals receive at 256 Mbps. The MCT consists of a trunk terminal and 
a central control station which controls both the communication network and 
the spacecraft operation. NASA will procure the MCT and a small CPS 
terminal; experimenters will procure other terminals. 


TA8L2 1-3. SPACE SEGMENT RELIABI JTY 


lt«m 

2 ytars 

4 yaart 

1) Complftt communication capabtlity 

0.80 

0.62 

2)Complett trunk capability 

n.94 

0.81 

3)Compltta CPS capability 

0.81 

0.65 

41 Lots of no mors than 1 of 4 trunk bsamt 
and no mors than 1 spot from tach scan- 
* ning baam 

0.92 

0.79 
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30/20 GHz SYSTEM DEVELOPMENT PLAN 


The 30/20 GHz system development plan io based heavily on 
experience with previous communication satellite systems produced by the 
Hughes Aircraft Company. Since the spacecraft bus is almost identical to 
that of the current LEASAT bus presently under development, its production 
and subsequent system integration and test will hav'T been well established. 

.A bonus derived from the use of the LEASAT bus is the elimination of an 
intermediate upper stage and the attendant management, development, inter- 
face, and cost tasks. The LEASAT has an integrated built-in perigee boost 
capability that not only simplifies programmatic aspects, but optimizes 
launch cost-effectiveness and enhances shuttle sharing flexibility. 

The flight system payloac is based on technology that is presently in 
its embryonic stage. This implies that careful attention be given to these 
new technology items to ensure a, minimum risk is imparted to the final 
experimental 30/2C GHz flight system. Towards this objective, the payload 
subsystem: antenna, digital, and microwave, although utilizing all possible 
results from the technology efforts currently in prog eas, will be developed 
beginning with breadboard.s, brassooards, and engineering models. In the 
case of the digital baseband processor, these addition;. ;c.sks* plus the need 
for a significant preprogram LSI development effort w.T : esult in a tight 
critical program schedule. 

The terrestrial segment of the systfm presents no critical develop- 
ment or schedule problems because of the lengthy time period determined by 
the overall program schedule. Such key items as .^0/20 GHz TWTAs and 
receivers, and high data rate modems can be engineered and developed 
within the allotted schedule. The complex total svstem architecture that 
primarily impact.s the ground system software will be given special emphasis 
early in the program to ensure that all system elements interact and per- 
form properly and in a cost-effective manner. 

The guidelines that applv to the 30/20 GHz program are L«*''»d in 

Table 


The development plan is based on Hughes making all com.ponents .ind 
subsystems other than the earth station antennas. This was done to under- 
stand the problems in detail and set the base for make or buy decisions. .All 
communication components will be subjected to make or buy decisions prior 
to the execution phase. 
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TABLE 2-1. 30/20 GHz PROGRAM GUIDELINES 


• Contact go-ahead, 1 August 1983 

• Launch date, 1 October 1987 

• Single flight system plus spare subsystems 

• One trunking diversity terminal, Cleveland 

• Master control station (MCS), Cleveland 

• One customer premise service terminal, mobile 

• 2 year mission/experiment operations 
support 

• LEASAT bus 

• Turnkey experimental system 

• 1983 technology 
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2.1 PROGRAM FLOW 


The elements of the 30/20 GHz system along with their Integration, 
test, and final verification are Illustrated on :he program flow chart (see 
Figure 2-U. The multibeam antenna components, auxiliary antennas, ?.nd 
structure are integrated and range tested. This is done for the engineering 
model, qualification model, and flight model. The qualification model is 
refurbished and becomes the optional spare. After completing range tests, 
the antenna subsystem is delivered to the spacecraft system integration and 
test area. 

The microwave components are completed and integrated with the 
spacecraft despun shelf to produce the microwave subsystem. An engineer- 
ing model, flight model, and optional spare subsystem will be developed. 

The microwave qualification units will be used as spares for the flight and 
optional prograuns. 

Prior to delivery of the microwave subsystem to spacecraft s. item 
integration and test, it is integrated with the digital components for an all-up 
communications subsystem test. This key test also will include elements of 
the terrestrial system and be performed in an end-to-end configuration to 
ensure that all components of this complex subsystem perform together 
properly. The qualification model digital components will be used as spares 
for the flight and optional spare systems. 

The remaining spacecraft bus subsystems; telemetry and command, 
controls, power, propulsion, and spinning structure and harness, are 
delivered along with the communications /antenna subsystems for all-up 
integration and test. The bus will include a flight and optional spare system 
plus a set of spare units. Spacecraft integration and testing will consist of a 
complete buildup of the spacecraft, and ambient and environm.ental tests. 
Emphasis during this phase is placed on end-to-end testing over the com- 
plete range of environmental conditions. 

The final phase of the program flow consists of prelaunch checkout, 
integration with the Shuttle, and launch. During this final period, assembly 
and checkout of the terrestrial system will proceed in parallel and a final 
total systems readiness test will be performed to verify flight and ground 
segment Integrity. 

2. 2 MASTER PROGR.-\M SCHEDULE 

The iO 20 GHz Program Schedule, Figure 2-2, is bounded by a con- 
tract go-ahead date of August 198J and a launch date of October l'^87, or 50 
months. The 15 months prior to launch are allocated for system integration, 
test, and launch operations, leaving 15 months for design, fabrication, and 
test of all flight subsystems. Since the bus is a LE.ASAT with minimum modi- 
fication, it presents no schedule problems. The despun payload shelf will 
need modifications to relocate units, but there is ample time within the 
schedule. 



FIGURE 2 2. 30/20 GHZ PROGRAM SCHEDULE 



The antenna and microwave subsystems can be developed within the 
schedule, but not without some concern and therefore risk. The antenna 
schedule could be slipped a few months because it is not needed immediately 
for system integration and test. The microwave (and digital) subsystem is 
needed for the overall communication subsystem test that already has been 
compressed, and therefore its schedule is firm. 

The digital subsystem is known to present schedule risks. To meet 
the present schedule a preprogram effort must begin at least 15 months 
before formal program go-ahead, May 1982. This period is necessary to 
develop selected LSI components and define the baseband processor speci- 
fications. Even with an advanced effort, the technology and attendant 
problems result in the digital subsystem schedule being the high risk phase 
of the overall 30/20 GHz program schedule. 

The terrestrial system schedule is comfortable for development of 
the terminals and master control station including a special phase needed to 
produce the new 30 GHz TWTs. 

Following delivery of the flight system items, the spare subsystems 
for an optional system are produced. If the option is exercised by October 
1987, the new system can be integrated and tested and be ready for a 
November 1988 launch. 

Also shown on the schedule are 90 days of mission operations sup- 
port for each flight, and 24 months of support for mission, communications 
and experiment operations following the October 1987 launch. 


2. 3 DETAILED DEVELOPMENT PLANS 
Z, 3. 1 Antenna Subsystem 

The design and analysis of the reflector, subreflector, feeds, 
frequency selective surface and support structures and the assembly layout 
on the bus will start at program go-ahead and run continuously for at least 
18 months (Figure 2-3). Pacing iterhs will be the reflector and the support 
structures. Long lead feed components are the semiconductor devices tor 
the receive LNAs and the transmit and receive circulator switches. Com- 
munications antenna pattern analysis will be performed at commencement of 
this task in order to optimally design the configuration geometry and feeds. 

Specifications and drawings will be made as the subsystem design 
proceeds. Final drawings will be completed after the qualification model 
has successfully passed all unit qualification tests to prove the design. 

As shown in the schedule, the fabrication and assembly of unit parts 
for the engineering model (EM), qualification model (QM), and flight model 
(FM) will be done in sequence. As parts of the EM are near fabrication 
completion, parts of the FM will begin to be fabricated: as parts of the QM 
approach their assembly stage the EM model assembly will be nearing com- 
pletion, and so on. 
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FIGURE 2-3. 30/20 GHZ ANTENNA SUBSYSTEM 


Subsystem Integration of the EM, QM, and FM, which consists of 
mounting and aligning the major component assemblies, immediately follows 
the completion of unit fabrication and assembly. This activity requires 
about Z months for each model owing to the accuracies involved and careful 
handling of large assemblies. Range testing will take about 2 months for 
each model and follows the integration task in sequence. 

In summary the driving factors/task activities of the schedule are 
the development (i. e. , design/analysis, specifications /drawings , and fabri- 
cation) of the antenna support structures and reflectors, the phasing of sub- 
system range tests (EM, QM, FM) and the delivery date of the FM. The 
structures and main reflector are large, new and require a great amount of 
effort, 25 months minimum, to develop the engineering model. The engineer 
ing model consequently is a pacing subsystem among the three to be built. 
Proper phasing of component development with subsystem range testing from 
the engineering model through the FM is critical to meet its delivery due 
date. The antenna development plan has the benefit of experience derived 
from the present operational SBS and planned Intelsat VI programs. 

2. 3. 2 30/20 GHz Baseband Processor 

The development phases for the baseband processor are like those 
for most digital communications equipment, with some specific variations. 
These variations include a 12 to 15 month advanced development phase and a 
3 month predevelopment phase (Figure 2-4). 
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The advanced development phase is implemented to be sure that key 
gate array LSI devices are developed and available on time for the program, 
that the demodulators provide the necessary performance, and that sufficient 
definition of the requirements for the digital routing controller are provided. 

Of these efforts, the gate array development is seen as the critical path. 

The plan for their development is as follows: 1) definition of units which use 

gate arrays followed by gate array interface and architectural definition — 

3 months, 2) logic design, breadboarding and checkout to verify logic (bread- 
board device types need not be the same as for gate array for this activity) — 

2. 5 months: gate array interconnect design and fabrication/assembly of 
proof-of-design array devices — 4 months: device evaluation — 1 month: 
followed by writing of unit specifications — 1-1/2 months. This 12 month 
effort is success oriented and may extend to 15 months. On-going IR&D, 
which is compatible with the needs of the advanced development phase 
include 1) the development of a gate- a rray- implemented convolutional 
decoder, and 2) the design and processing of a SOS-CMOS monolithic gate 
array chip. 

The predevelopment phase exists to accommodate a baseband processor 
delivery schedule for the development program which is 3 months short. It 
is, in essence, a request for a longer development program schedule. During 
this period, the initial phase of circuit design occurs, bringing us to the 
point of initiating breadboard fabrication. 

The development program proceeds with the remaining circuit devel- 
opment and related breadboanjing. A preliminary circuit release (PCR) 
occurs at the end of month 3, which permits the start of product design and 
the ordering of long lead parts. Breadboarding is scheduled for completion 
at the end of month 9, at which time a final circuit release (FCRl occurs. 

This permits completion of product design drawings and ordering of 100 per- 
cent of parts as shown. Specifically, fabrication drawings will be complete 
at the end of month 12, permitting PCB fabrication to be completed 1 month 
later, followed by PCB FACT testing. The PCBs and units are then assembled 
and checked out as shown. Test equipment is designed, built and tested fol- 
lowing FCR and in time for the engineering model checkout phase. In parallel 
with test equipment development, the detailed test specifications (TS) and 
test procedures (TP) are developed. The remaining units for qualification 
model, flight and spare are fabricated, assembled and checked out on 
schedules similar to the engineering model, with qualification testing (quali- 
fication model checkout) taking more time than the other deliverables. 

2. 3. 3 Microwave Subsystem 


The microwave subsystem program schedule is shown in Figure 2-5. 
The schedule shown is an overall schedule including all units of the subsv 
tem, therefore considerable overlap of sequential activities does appear on 
the s chedule. 
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The schedule in general is not considered tight, however, certain 
high technology items such as the low noise amplifiers and the solid state 
power amplifiers are potential developmental risks. 

The risk in meeting the schedule for the low noise amplifiers is in 
obtaining low noise devices which will meet the design requirements and 
qualifying these parts for flight use. The same problem exists for the solid 
state power amplifier where high power GaAs FET devices must be qualified 
for flight use. The assumption has been made that existing technology devel- 
opment contracts will provide devices, but that these devices must be quali- 
fied for flight use during the time span of the demonstration program 
contract. 


In general, all flight quality parts must be available no later than 
2.4 months after program start and most of the parts should be received by 
ZO months after program go-ahead in order to meet flight delivery schedules. 

The flight shelf integration and test task includes not only integration 
and test of the microwave subsystem components but also includes integra- 
tion and test of the digital units which are mounted on the flight shelf. 

2. 3. 4 Spacec raft d us 


All spacecraft bus subsystems are based on those that have been 
designed, developed, and qualification tested for the LEASAT or other flight 
proven programs (SBS and GOES). The subsystems, for the most part, need 
only be assembled and flight acceptance tested. The telemetry and command 
subsystem format PROM changes can be implemented without affecting the 
unit design integrity. The substitution of the S band transponder from the 
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GOES program for the X bind units, and removal of the encryption/ 
decryption equipment results in minor modification to units and does not 
warrant requalification. 

The antenna positioning electronics (APE) is identical to that on 
board the operational SBS spacecraft, and the minimal interfacing with the 
attitude control electronics will eliminate any attitude control subsystem 
requalification. 

The despun shelf will retain its basic design features, but will need 
new unit bolt holes and attachment provisions. Since the shelf has been 
designed to accommodate approximately 200 pounds more than the present 
payload weight, requalification or any special tests are not required. Also 
the thermal design being similar to that of the LEASAT system can be ade- 
quately tested during the shelf thermsl vacuum test, and therefore requires 
no special thermal model or qualification tests. 

The despun harness will be new and undergo the nominal harness 
design, fabrication, test, and bakeout operations. The planned system level 
tests will verify its flight worthiness. 


2. 3. 5 System Integration and Test 

The manufacturing and test sequence requires a complex system 
involving many contributing groups of people responsible for different tasks 
which must be integrated. The Hughes Space and Communications Group has 
been developing and improving such a production system for 16 years and Is 
in an excellent position to meet the objectives of the program. This time 
period has been spent in developing systems and procedures specif i’cally 
applicable to the design, development, fabrication, and test of communica- 
tion spacecraft. The effort has produced one of the most complete and 
disciplined families of process specifications (Hughes Process Specifications — 
HPs) in the industry. These process specifications establish and maintain the 
manufacturing standards required for spacecraft subsystem fabrication. 

Another result of Hughes' experience in the spacecraft field is the 
accumulation of test and manufacturing equipnr.ient that has been developed, 
improved, and utilized continually on the various programs. Tools and fix- 
tures for thrust tube assembly, substrate fabrication, solar cell bonding, 
shelf layup, sun sensor alignments, digital unit production, electronic 
assembly, and reaction control subsystem assembly constitute a few examples 
of the equipment Hughes has at its disposal for the 30/20 GHz Program. 

Figure 2-6 indicates the nature of the manufacturing and test sequence, 
beginning at the point where major components are introduced in assembly 
and subsystem integration. The assembly process is verified through a series 
of subsystem level tests. Subsystems are subsequently delivered for space- 
craft integration. The assembled spacecraft is then available to begin system 
level testing. 
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System level testing for the program includes seven major phases as 
illustrated in Figure 2-7 (LEASAT example). 

1) Preintegration tests, including spinning section tests, antenna 
tests, and dospun shelf thermal- vacuum (DSTV) tests 

2) Initial spacecraft integration tests (ISIT) 

3) Acoustic and pyroshock 

4) Spacecraft thermal- vacuum (SCTV) 

5) Final integration spacecraft tests (FIST) 

6) Launch operations 

7) In-orbit tests (before going into operation) 


Spacecraft despun units will be installed on the despun platform for 
extensive hardline ambient testing. In parallel, antenna development and 
range tests will begin, as will the buildup of the spun section. Upon comple- 
tion of the ambient despun shelf tests, the shelf will be moved to the thermal- 
vacuum (TV) chamber, where hardline TV tests will be performed. Tests 
will be performed under thermal extremes of hot and cold to verify perfor- 
mance. Following DSTV tests, the despun shelf, spinning section, and 
antenna farm will be integrated for initial spacecraft integration testing (ISIT). 
Here, anechoic chamber tests for passive IMs will be performed. After ISIT 
testing, the spacecraft will go through a sequence of acoustic, pyro-shock, 
and spacecraft thermal- vacuum environmental tests to ensure performance 
margin during and after exposure to these environments. Final integration 
systems tests (FIST) will verify spacecraft performance before the space- 
craft is shipped to the Eastern Test Range for launch. 

2. 3. 6 Terrestrial Segment 

Most of the terrestrial segment equipment can be developed com- 
fortably within the 30/20 GHz program schedule and need not begin immedi- 
ately at program go-ahead (see Figure 2-8). The exceptions are the follow- 
ing hardware items that require special technology development to begin at 
the start of the prograrr. 

1) Antenna Feed. Hughes Fullerton has built a 40/20 GHz feed 
which would be scaled down to meet NASA's 30/20 GHz requirement. In ;his 
connection the major concern is the orthomode transducer which will require 
special attention to the receive port impedance match, considering the rela- 
tively wide bandwidth involved. To be conservative, a development phase is 
included in the procurement of the feed whereby this concern may be 
realistically dealt with. 


2) High Power Amplifier . The 125 watt TWT required for the 
trunking sites will be developed from an existing design, Hughes Model 914H. 
Based on this design plus preprogram technology development effort, a new 
TWT that satisfies 30/20 GHz program specifications will be produced within 
the 18 month schedule. 

The 20 watt TWT required for the CPS stations will be developed from 
an existing 30 watt 28 GHz model, Hughes 950H. The redesign necessary for 
the higher frequency operation and new tooling will be available within the 
18 month time period. 

3) Upconverter /Downconverter. Hughes is one of the very few 
aerospace companies that have developed and fabricated these units in the 
frequency range of interest. Up and downconverter s built by the Hughes 
Ground Systems Group are delivered and operating in the 20 to 40 GHz range. 
These units could ba adapted to meet the 30/20 GHz requirement. Some 
adaptation development effort nonetheless will be allocated to resolve any 
unexpected isolation, intermod, spur problems, or other problems presented 
in the requirements of the unit themselves, . e. , filters, amplifiers, isola- 
tors, mixers, attenuators, etc. 

The standard or off-the-shelf items can all be procured 'n a reasonable 
period of time. All earth station equipment including the special microwave 
interconnecting hardware for diversity will be acceptance tested at the fac- 
tory and shipped to operational sites for integration and field acceptance test- 
ing. Special emphasis will be given to the interfaces to ensure full compati- 
bility with the earth station dt.a processing equipment. Specific equipment 
will be made available to the spacecraft payload subsystem and system level 
testing to ensure satisfactory end- to- end perfo rmance. 

The software will be baaed on that available from the LEASAT svstem 
and supplemented to fulfill 30/20 GHz communication and experiment ne ds. 

A large part of the software will be developed early in the program to sup- 
port spacecraft system level testing. The same software will be used for 
on-orbit operations thereby minimizing costs. 

The RF and baseboard experience gained from the SBS and TDRS 
programs plus the s/stem architectural, demand assignment, and mission 
operations exp«!rtlse derived from the Palapa, CMS, and LEASAT programs 
will be applied to the 30/20 GHz program. 


2.4 WORK BREAKDOWN STRUCTURE 

The 30/20 GHz Program work breakdown structure (WBS) to level III 
is shown on Figure 2-‘3. The first three items on level II relate to the over- 
all program direction, control, pe*-formance, and system quality; program 
management, systems engineering, and product eifertiveness. Program 
management and product effectiveness include not oi.ly the typical tasks as 
listed on Tables 2-2 and 2-3, but an additional program level technology 
consultant task under program management, and system, safety (STS), 
radiation design, new technology, and enhanced subcontract rrionitorirg under 
product effectiveness. 
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FIGURE 2-8. TERRESTRIAL SEGMENT PHASING SCHEDULE 
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FIGURE 2 9. 30/20 GHZ WORK BREAKDOWN STRUCTURE 






TABLE 2-2. PROGRAM MANAGEMENT 


• Managers 

t Technology consultants 

• Cost/schadule control 

• Configuration management 

• Data management 
a Parts management 

• Subcontracts 
e Manufacturing 


TABLE 2-3. PRODUCT EFFECTIVENESS TASKS 


e PA* and reliability management 
a Reliability analysis and engineering 
a Quality assurance management 
a Quality control 
a Components and materials 
a Component radiation characterization 
a System safety 


'Product Assurance 


The system engineering tasks include the flight and ground system 
elements encompassing the spacecraft bus, payload, Shuttle interface, 
ground terminals, master control station, and total system architecture and 
design. The tasks have been selected to ensure that the system is approached 
from the "top-down" to generate a complete specification and a system that 
satisfies program key objectives. Table 2-4 lists the system engineering 
work breakdown structure (WBS). 


The remaining four level II items; spacecraft subsystems, 
communication payload, spacecraft system integration, and test and 
terrestrial system are subdivided in a conventional manner. The detailed 
level III, and below, WBS is presented in the following section. 


2. 5 ROM COST DATA 

The 30/20 GHz program ROM costs (1981 $M) based on the previously 
presented development plan are summarized in Table 2-5. These costs are 
shown spread over the fiscal years and include G and A and fee. The subsys- 
tems cost foi an optional spacecraft are included, but the system integration 
and tests costs are not included. Shuttle launch costs are not shown. 
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TABLE 24. SYSTEM ENGINEERING WBS 


• Managers 

• Communications system engineers 

• Manager 

• RF/link 

• Digital 

• Architecture/software 

• Antenna 

• Communications operations 

• Spacecraft bus engineers 

• Manager 

• Telemetry 

• Controls 

• Power 

• Harness 

• EMC 

• System engineers 

• System specification 
e Integrated test plan 

• Launch vehicle integration 

• Mission operations 

e Experiment operations 

• Orbital dynamics 

• Other 

• Mission support 


The program management tasks, listed in Table 2-6, represent those 
efforts needed to direct and control the overall program. The cost for this 
task is 8 percent of the total sub.system costs based on recent comparable 
prog rams. 

Table 2-7 lists the system engineering tasks and associated man- 
months for each. The communications system engineering tasks encompass 
both the spacecraft payload and ground system. The objective is to apply 
system engineering to the total communications subsystem in an end-to-end 
manner. The system engineering costs are approximately 6 percent of the 
total subsystem costs which is consistent with this cost on comparable 
prog rams. 



TABLE 2-S. COST SUMMARY, 1981 $M 



FY83 

r r84 

— 

FY85 

FY86 

FY87 

FY88 

FY89 

— 

Total 

Program management (8%) 

0.5 

3 

3 

3 

3 


■■ 

12 

Systems engineering 

0.4 

2.2 

2.2 

2.2 

2.2 



9.8 

Product effectiveness (10%) 

0.6 

4.3 

4 

4.4 

1.3 



14.6 

System integration and test* 

- 

- 

2 

8 

5.7 



15.7 

Flight systems 

6 

42 

37 

25.7 

2.4 



113.1 

Ground terminals 

0.1 

0.9 

1 

5.5 

3.2 



10.7 

Matter control station 

- 

- 

0.4 

5.1 

1.6 



7.1 

Operations, maintenance 
and support 

- 

- 

- 

— 

— 



1.8 

Subtotal 

7.6 

57.9 

55.1 

53.9 

19.4 

1.3 

1.3 

185 

G&A (12%) 

0.9 

7 

6.6 

6.5 

2.3 

0.2 

0.2 

22.2 

Fee (15%) 

1.3 

9.7 

9.3 

9.1 

3.3 

0.2 

0.2 

31.1 

Total 

9.8 

69.6 

66 



69.5 

25 

1.7 

1.7 

238.3 


TABLE 2-6. PROGRAM MANAGEMENT TASKS 


• Managers 

• Technology consultants 

• Cost /schedule control 

• Configuration management 

• Data management 

• Parts management 

• Subcontracts 

• Manufacturing 

Based on recent programs such as Pioneer Venus, SBS, 
and other commercial programs. Program Management 
IS limited to approximately 8% of the subsystem costs. 


The product effectiveness tasks listed in Taoie 2-8 are estimated to 
cost 10 percent of the total subsystem costs. Previous programs have only 
cost b percent, but the additional costs associated with Shuttle safety, elec- 
tronic radiation hardening, new technology, and system complexity result in 
an additional 4 percent for a total of 10 percent. 

The subsystem referred to above include? system integration and test, 
flight system, ground terminals, and master control station. The system 
integration and test includes spacecraft integration and test, launch opera- 
tion, and $1. IM for ground segment preflight simulations and tests. The 
spacecraft integration and test, and launch operations cost estimate.*! are 
derived for the LEASAT costs. The ground segment . osts are based on 
CMS, Palapa, LEASAT, and SBS experience. 

'Integration and testing of maiof systems including master control station Simulations, GSFC simulations 
and launch base support ■ $1.1 M 
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TABLG 2-7. SYSTEM ENGINEERING TASKS 



Tasks 

Man-Months 

• 

Managers ((1 man x 50 ms| (0.5 x 50)) 

75 

• 

Communications system engineers 



• Manager U x 50) 

50 


• RF/link (1 X 50) 

50 


• Digital (2 x 50) 

100 


• Architecture/software (3 x 50) 

150 


• Antenna (1 X 50) 

50 


• Communications operations (1 x 50) 

50 



450 

• 

Spacecraft bus engineers 



• Manager 1 x 50) 

50 


e Telemetry/command (1 x 50) 

50 


a Controls (1 x 50) 

50 


e Power (1 x 50) 

50 


e Harness (0.5 x 50) 

25 


• EMC (0.5x50) 

25 



250 

• 

System engineers 



e System specification (0.5 x 50) 

25 


e Integrated test plan (0.5 x 50) 

25 


e Launch vehicle integration (0.5 x 50) 

25 


e Mission operations (1 x 50) 

50 


e Experiment operations (1 x 50) 

50 


e Orbital dynamics (2 x 50) 

100 


• Other (2 x 50) 

100 



375 

• 

Mission support (6 x 24) 

144 


Total 

1294 


1294 X S8.2K/MMO - $10.6M 

j 





The flight systems costs include the communications payload and 
spacecraft bus (including perigee kick motor)':' costs. Tables 2-9, 2-10, 
2-11, and 2-12 give detailed subsystem costs plus appropriate contingencies 
for these flight system elements. These tables also list costs for the asso- 
ciated engineering, qualification, and flight models, and spare and test equip- 
ment. The digital subsystem costs do not include a preprogram go-ahead 
LSI development coat of approximately $2.5M. 

Table 2-13 is a flight system cost summary that includes system 
assembly, integration, and test, and the related product assurance costs. 
The additional costs for the optional second flight are noted. 

TABLE 2-8. PRODUCT EFFECTIVENESS TASKS 


• PA and reliabliity management 

• Reliability analysis and engineering 

• Quality assurance management 

• Quality control 

• Components and materials 

• Component radiation characterization 

• System safety 

Based on recent programs such as GOES, GMS, and 
Pioneer Venus, Product Assurance is limited to 
approximately 6% of the subsystem costs. Since 
future requirements will place emphasis on the fol- 
lowing Items, a limit of 10% is appropriate: 

Safety =* 1 % 

Radiation ^ 1% 

New technology 1% 

System complexity 1% 

6% + 4% - 10% 


TABLE 2-9. SPACECRAFT BUS COSTS', 1981 $M 


Task 

— 

Engineering 

Model 

Test 

Equipment 

Qual 

Model 

Flight 

Model 

Spare 

Total j 

Management 

- 

- 

0.061 

0.382 

0.362 

0.825 

Engineering 

- 

- 

2.617 

3.587 

0.751 

6.955 

Structure 

- 

- 

1.383 

1.383 

1.387 

4.153 

Power 

- 

- 

- 

4,542 

4.542 

9.084 

Propulsion 

- 

- 

- 

4.312 

4.312 

8.624 

Attitude control 

- 

- 

- 

1.554 

1.554 

3.108 

Telemetry and Command 

- 

- 

- 

2,361 

2.361 

4.722 

Totals 

- 

- 

4.061 

18.121 

15.281 

37.4 

J 


'Includes 5% contingency. 


■Tntegrated PKM replaces SSUS-A upper stage. 
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TABLE 2-10. ANTENNA COSTS*, 1981 $M 


Task 

Engineering 

Model 

Test 

Equipment 

Qual 

Model 

1 

Flight 

Model 

Spare 


Management 

0.665 



0.269 

El 

1.450 

Engineering 

0.919 



0.372 

|i| 

3.315 

Reflector 

1.908 


1.008 

0.720 

El 

3.852 

Subreflector 

0.984 

0.060 

0.439 

0.276 

E9 

1.759 

Frequency select surface 

0.792 

0.012 

0.389 

0.192 

El 

1.385 

20 GHz feed 

0.834 

0.120 

0.288 

0.174 


1.416 

30 GHz feed 

0.828 

- 

0.317 

0.216 


1.361 

30 GHz track circuit 

0.624 

- 

0.331 

0.192 

QM 

1.147 

T&C Omni antenna 

- 

- 

0.022 

0.013 

QM 

0.040 

Beacon antenna 


- 

0.209 

0.174 

QM 

0.383 

Support structures 

1.218 

0.084 

0.389 

0.324 

QM 

2.015 

Thermal protection 

0.144 

- 

0.086 

0.072 

QM 

0.302 

Totals 

8.916 

2.232 

4.279 

2.999 



18.4 


'Includes 20% contingency 


TABLE 2-11. MICnOWAVE COSTS*, 1981 SM 


Task 

Engineering 

Model 

Test 

Equipment 

Qual 

Model 

Flight 

Model 

Spare 

HH 

Management 

1.038 

0.043 

0.348 

M 

0.896 

mm 

Engineering 

6.306 

0.683 

0.124 

IB9 

0.434 


Frequency source 

0.220 

- 

0.140 

igg 

0.282 


Monopulse electronics 

0.243 

- 

0.139 


0.156 

0.694 

TWT power supply 

0.228 

- 

0.151 


0.633 

1.77 

Variable power divider 

0.312 

- 

0.127 

0.104 

0.104 

0.647 

tow noise amplifiers 

0.119 

- 

0.042 

0.556 

0.556 

1.273 

Receivers 

0.603 

- 

0.343 

1.857 

1.857 

4.660 

IF switch matrix 

0.438 

- 

0.288 

0.258 

0.258 

1.242 

Upconverters 

0.330 

- 

0.195 

1.043 

1.043 

2.61 

TWT 

0.628 

- 

0.154 

0.745 

0.621 

2.148 

Solid state Pwr. amplifiers 

1.025 

- 


2.708 

2.708 

7.845 

Switch monitors, 
and filters 

0.930 

- 


0.992 

0.992 

3.224 

Totals 

12.42 

0.726 



10.54 

38.2 


‘Includes 20%, contingency. 
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TABLE 2-12. DIGITAL COSTS*, 1981 $M 


Task 

Engineering 

Model 

Test 

Equipment 

Qual 

Model 

If 

Spare 

Total 

Management 

0.154 

0.052 

0.103 

0.103 

0.103 

0.515 

Engineering 

6.817 

1.310 

0.171 

0.171 

0.171 

8.440 

Data Processor No. i 

0.152 

0.001 

0.044 

0.033 

0.028 

0.258 

Data Processor No. 2 

0.022 

0.001 

0.016 

0.011 

0.041 

0.091 

Decoder 

0.036 

0.024 

0.033 

0.056 

0.031 

0.180 

Store and forward 

0.915 

0.056 

0.747 

1.044 

0.871 

3.633 

Encoder and output mux 

0.007 

0.001 

0.006 

0.003 

0.004 

0.021 

Digital routing cont. 

0.138 

0.010 

0.087 

0.140 

0.130 

0.505 

Scan beam cont. 

0.075 

0.007 

0.047 

0.205 

0.185 

0.519 

IF downconverter 

0.056 

0.004 

0.036 

0.089 

0.087 

0.272 

IF switch cont. 

0.066 

0.001 

0.042 

0.072 

0.067 

0.241 

Inter, unit 

0.105 

0.006 

0.080 

0.098 

0.098 

0.387 

32 Mbps demod. 

0.259 

0.006 

0.147 

0.609 

0.775 

1.796 

IF routing switch 

0.034 

0.002 

0.024 

0.043 

0.043 

0.146 

128 Mbps demodulator 

0.308 

0.007 

0.151 

0.382 

0,470 

1.318 

256 Mbps mod. and upcn. 

0.055 

0.004 

0.037 

0.072 

0.068 

0.236 

Power supply 

0.074 

0.010 

0.054 

0.083 

0.079 

0.3 

Total 

9.073 

1.502 

1.825 

3.214 

3.251 

18.9 


'Includes 20% contingency. 


TABLE 2-13. FLIGHT SYSTEM COSTS. 1981 $M 


Item 

Engineering 

Model 

Test 

Equipment 

Qua! 

Model 

Flight 

Modal 

Spare 

Total 

Communications payload 

30.4 

4.5 

9.9 

17 

13.8 

75.6 

Spaceaaft bus 

- 

- 

4.1 

18.1 

15.3 

37.4 

Assembly, integration, 
and test 

- 

- 

- 

14.6 

7.2' 

21.8' 

Product assurance 

3.7 

0.5 

1.5 

5.2 

3.9' 

14,8' 

Total 

34,1 

5 

15.5 

54.9 

40.2' 

149.7' 


'Option included. 
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TABLE 2*14. GROUND TERMINAL COSTS*. 1981 SM 


Terminali 

Oavalopmant 

Firtt Unit 

Total 

Trunking 




Managamant 

0.332 

0.332 

0.664 

Syttams anginaaring 

0.457 

0.154 

0.611 

RF subivttem 

1.893 

0.919 

2.812 

Bataband orooatior and control 

0.080 

2.928 

3.008 

Link subsystam 

- 

0 539 

0.539 

Logittics/traval 

- 

0.040 

0.040 

Intagration and tait 

- 

0.0S3 

0.053 

Product auuranca 

- 

0.013 

0.013 

Spa'as 

- 

0.367 

0.367 

Total 

2.762 

5.345 

8.107 

CPS 




Managamant 

0.166 

0.166 

0.332 

Systams anginaaring 

0.204 

0.077 

0.281 

R F subiy stem 

- 

0.447 

0.447 

Bataband procassor and control 

- 

0.952 

0.962 

Logistia/traval 

- 

0.040 

0.040 

Vabicia 

0.052 

0.112 

0.164 

Intagration and tatt 

- 

0.027 

0.027 

Product atturanca 

- 

0.013 

0.013 

Sparat 

- 

0.367 

0.367 

Total 

0.422 

2.201 

2.623 


*lncludts 10% contingtncv. 


TABLE 2-15. CENTRAL CONTROL STATION *, 1981 SM 


Managamant 

0.700 

Syttamt anginaaring 

0.638 

Communication control tubsyttam 

1.397 

Intarfaoa units 

0.485 ! 

Softwara 

2.110 ! 

TTiC tubiyttam 

0.696 1 

Intagration and tatt 

0.053 

Product atturanca 

0,013 

Tatt aquipmant 

0.614 

Sparat 

0.367 

Logistics/traval 

0.040 

Total 

7.1 

Option - sita praparation and construction 

0.3M 


* Include 1 5% contingtncv 


2-26 














Table 2-14 lists the cost breakdown for the trunking and CPS 
terminals. Sho^vn are the development and first unit costa including a 10 
percent contingtncy. The special TWTA development costs are contained 
in the trunking terminal RF subsystem line item. 

Table 2-15 gives the cost breakdown for the central control station. 
The cost of all foftware necessary to support the mission operations, com- 
munications operations, and basic experiment operations has been included. 
Optional site preparation and construction would cost $0. 3M. All values 
include 15 percent contingency. 

The launch, transfer orbit, orbit and maintenance operations plus 
10 percent contingency are given in Table 2-16. These costs relate to 
ground segment tasks only [not flight system preparation at Eastern Test 
Range (ETR) 1 . 

Tables 2-17 and 2-18 give recurring costs for a large buy (20) of 
trunking and CPS terminals. Three and five meter diameter antenna dish 
configurations are presented. The . ems not included in these costs are 
noted. 


TABLE 2 16. OPERATIONS, MAINTENANCE. AND 
SUPPORT*, 1981 SM 


Operations 

Costs 



Launch 


0.132 1 

Simulations 

0.026 

i 

Operations 

0.106 


Transfer orbit 


0.536 

Simulations 

0.322 


Operations 

0.215 


Orbit 


1 .072 

Simulations 

0.429 


Housekeeping 

0.215 


Experinvmt 

0.429 


Maintenance 


1.072 

Master control station 

0.429 


Trunking terminals 

0.429 


CPS terminals 

0.215 


Total 


2.813 


Includes 10% conttnqencv. 



TABLE 217. CPS RECURRING COSTS*, 1901 $M 
(QUANTITY 20) 



3M 

SM 

Antanna 

0.003 

0.027 

?aad 

0.037 


High ^xnvtr implifiar (20 W) 

0.030 


Low noita amplifiar 

0.011 


Up/downconvtrtar 

0.017 


Fraquancv *vntha*uar 

0.017 


Fraquancy itar>dard 

0.017 


MUX/DEMUX (32 Mbps to 128 Mbps) 

0.044 

0.089 

I Modam 

0.400 


Tast loop translator 

0.022 

1 

D/L procauor 

0.022 


Microprocassor 

0.011 


Total 

0.630 

0.699 


*Do«i not includ# mfnag#m«nt. tngmearing, produa «ffectiven«i, 


vahici#, contingancv G&A, or f*#. 


TABLE 2-18. TRUNKING RECURRING 
COSTS*, 1981 $M 
(QUANTITY 20) 


Antanna (5M) 

0.055 

Faad 

0.074 

High powar amplifiar (200 W) 

0.324 

Low noisa amplifiar 

0.022 

Up/downconvartar 

0.033 

Fraquancy synthasizar 

0.017 

Fraquancy standard 

0.017 

ML'X/DEMUX 

0.157 

Modam 

0.800 

Tast loop translator 

0.068 

0/L procassor 

0.022 

Microprocassor 

0.011 

U/L procassor 

0.022 

Basaband procassor 

0.021' 

Link subsystam 

0.49O 

Total 

2.134 


*Dott not mclud* managtmant, engmMrmg. 
product eftactnrfnau, G&A. or fat. 
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It. ASSTRACT 

During the second quarter of this contract, progress has 1'i‘en made in all areas 
Indicated in the scope of work. Acquisition of polyimide materials for inter-metal 
dielectric has been obtained from three vendors, with considerable evaluation con- 
ducted on the Dupont PI2550 material. Experimental results indicate this material can 
be patterned using contact printing to line width far below 0.1 mils. Literature 
Indicates optimum line width Is acaulred using plasma etch equipment; Metal lift-off 
experiments on thermal evaporated films are being optimized for application to 
sputtered deposited films. Alternate metal-lift-off experiments are proposed for 
future investigation. Studies In dry processing equipment and future trends in 
VLSI fabrication techniques are on-golng. Also, a summary of accomplishments for 
Che past quarter for the M.S.U. microelectronics laboratory is included. 
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I . INTRODUCTION 

Pro^ross has been nccomplI.sliiHl in all ol Ll\i* pii'i><’SfJ areas 
as listed under the Sco|u‘ of W«irk, I’xhihit A, Conlrat i NAS8-33448. 

In accordance with tlie contracts "Report Reoaii ements" section 
which states "quarterly reports shall be in narrativi form, and 
brief and informal In c(*ntent", tiu* Pol lowing reseait h areas of 
emphasis will be addressed; mul i ’.evel metal techniques, metal 
lift-off techniques, <lry processing equipment evaluation, ami 


future trends in VLSI fabrication techniques. 


-V 
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IT. MliLTI -LEV El. METAL TE(:HNJi»UE 

Mevploppiontn I stndU'H !n I In* hsi* of po 1 y im i flo m;i I i r i .i 1 s as a 
dielectrii' For multi-lcvcl nn-tnl |m <u cssos havo boon under taken 
tills second quarter of tlie tontraet period. We presently h.ive In 
house polylmide nuiterinls from tin* following, eompnnI(»s: Dupont, 

llitaclil, and Eiectroscience. Attempts were made to acquire poiyl- 
mide from tlie (l.A.P. company, li<>w«*ver they no lonjter market this 
product, h.avinp siild the product am' all (intent rlRhts to the 
Shipley (photoresist) Companv. n.A.F.'s polylmide was particularly 
attractive In that once applied and dcvclopc'd it behaves )iist like a 
(ihotores I St , without requirine, a mas-kl»ig niedliiin for patterning. 
Authorities at the G.A.F. (’onpany Indicated that Shipley will 
probably be marketing their polyimldi version in the next few 
mon( hs. 

Lxperiiiie ii . 1 1 studies li.tve 'lei n undertaken wiili Dniiont l'l-.J33U 
polylmide, using the MSrc pluu oi cs 1 st test (laltirn. Using Shipley's 
AZITSU.I (ins i I ivi' I’hoi (>rc; isi , this (>olvtmldo i- in bo |>at l i-nu-d down 
to 0.1 mil J 1 tes uitiioul rilff lenity. Exjht im« n ts are now underway 
to utilize tills material as ■ di d oc 1 1 1 c in double layer metal test 
procedures. 

The best results thus f.ir using ri-2S‘>0 have been obt.iln<d 
using the following procodun : 

1. Wafer preiiarni Ion (H;l IINO^, 10 min.; rinse; 

10:1 11^0: UF, 10 min.: rinse: bake over night at iOO"C) 

2. Mix I'olvimido (I’l- ’bMl .ind ihinnor l-Sol'i mlxtsi to a(iproxl- 
matelv tie mini, \lsiosity as Waycoat-T lUj.allve photoresist) 
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3. Spin on Wiifcr .it 7000 rpm for 20 scrmvis 

4. Prebakc at 50*C for 15 mimiteH, tlicMi 80”C for 15 minutes 

5. Apply photcresisL for palternluK polyimide, iisinn 
Shii>ley A.11 I50J positive resist applied at 7000 r.p.m. 
for 20 Moc’oml.s 

0. 0ak« I'lu'lorosisl 10 minute: ,ii .St)'(!. 

7. Ivxpi’se fomposite for 7 stTonds at 24 in |/(T^ light 
inlinsily (meremv \,i[ior) 

8. Oevelop In 1:2 No. 151 developer: H.,0 and rinse (polyimide 
develops at tlie same time .as the |)hot ores is t ) 

Rinse in acetone to remove photoresist 
10. Cure polyimide at olev.alml temperature (not to exceed 500“C) 
for two liours. 

A separ.aLe diffusion fnrn.aee vIlTU) is presently being set up 
for enring po'vlmide tiiidet controlled ambient and for the prevention 
tif lanil.amin.it it>n of onr silicon diffusion furnnces. 

Until receilly ftwo weeks .ago), we only it.ad |)liologr.aphic mask 
will oh won 111 .allow generation of the double layered metal Lest 
p.itt'Mu using negative photoresist. We have since received mask 
from M.S.F.S. Uli.aaks to I). Roiith and K. Lent?) w'liich will allow 
us.ijje of po.siiivi- plioli) ri'sist. 

This i|u.ailer we liavi' eoniiiiued to experl enci* iliffiLailty with 
MSU's d.e. spul'.er metal deposition system. I’he power supply was 
returned (l.ile) la working conditfon, however tlw generation and 
sustaining a pl.asm.a for deposition has been difliculL to maintain. 
Hopefully I'lls dlfllculty will be over-come soon. 
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RectMit I 1 1 fr.it iiro ifp«’rlin)’H liuIliMlf tli.it pl.ism.i oxlflt* 
dlftlectrlrs are receiving serloiiH attention by re.«iea rchors of 
multilevel metal processeH. by ileposltlng all Iron (iiuxiilc* tlirougli 
the plasma enhaneeil chemical vapor deposition of Sill, and N^O, 
films i>f supifioi il 1 e Iff I i i r properlif's .itui re 1 .it i vi* I y fast iJfposlLlon 
r.iten can he le.illr.ed. These lesiilts will lie sninm.ir i •! in Llie 
final report. 

Mho, a paper presented hv Ti'x.is Instillments Semfc »nductor 
Research and Hevelopment l.aborntorv at the 1‘)79 International 
Electron Devices Meeting held In Washington D.C., December 3-5, 
Indicated tli.it the Dupont Pl-2550 polylmide yielded excellent 
results as an intermetal dielectric. Slopc’d vias as small as 2 
microns wi*re reported p.ntterneil in Llie double level Inter-connect 
structure using 2 micron interlevel dielectric. 


p\GK IS 
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ill. ^tai. ukt-oi t mi iMiHH'. 

Ct)iis IiIimmI' 1 1 * ol work Ims Ium-ii mulct I •iki-n icl.'ilivi' l«i 

Lhe metal lift-off lechnlqiio. Experiments Icive been performed 
using both egative arul positive type |>hoiorcH I st . To tinte, best 
i»‘niilts have 1'i‘cn oblaincd with rcl ilivciv thick ( ’miiions) |»osl- 
l Ivc pholoroulst Ar.l3Sl).l. 

At b**Hl , fair results have bi*en ohtfiiiuu! using tin d.e. sput- 
tcrcil metal depos 1 1 li>n prcicsH. Ilu rc.ison lor fliih is believed to 
be the excel lent step coverage (photoresist side wall coverage) 
obtained using sputtered tecluiiqneo. Even with the formation of 
tito base mlciocrav'k diseussed In t lie last progress rep; rt, adequate 
penetration tl this mlcroeraek bv pliotoresist developers has been 
iiasat isfactoi y. 

A plan ef aliai'k to optimize nu-lal lift-off of sputtered 
films incorporates an initial investigation of optimizing lift- 
off of till* tbernuil i*vaporaled deposited metals. Thermal ev.iporated 
oi E-lieam depoi.iied films .iie nineli easier to lilt oil since they 
are typirally eliaracterlzcil ny | ooi step coverage. 

Before thermal evaporated films could b<* Investigated, our 
'.'ari.m VI-?L’I K"> I’umji tbe*m.il eva|»oiator systom had to be placed In 
woik.ihle ei'iid f t ieu. This systen had not hceii used for some four 
years, and win n .t w.is I.ut uf • d , br. Cassawuy inilicated difficulty 
in o!>t.ilnlug i ,.u uiim ilue le stiorl ing problems In the Ion pimip. 
rhls pump was • on,p I et el V d I sasseinh I ed aiul ele.aned by .1 graduate 
student (riiu i.iiiuigl and imi tab lecbnlclan (Becky H.imllton) and 
reassemblol . flu- system Is now working quite .idea uitely. 
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in. METAL LIFT- OFF TECHNlQUl v 

ConH f di*r;il' J e ap^punr of work h.is hfcn mulorl aktn iflatlvt’ t<» 
the metal lift-off technique. Experiments have been performed 
using both egative and positive type phoLoresist. To date, best 
results have been olHained with relilivelv tfiirk ( ’ mi < nms) pr»sl- 
live photore.sisi A/'1350.,I. 

At best, fair results liave been obtained using tin d.c. sput- 
tered metaJ ileposltlon protosH. Iht reason fur this Is believed to 
be the excelleni step eovorape (photoresist side wall coverage) 
obtained using sputtered tectmiquos. Even with the formation of 
the base mlcrocrack discussed In the last progress rep:;rt, adequate 
penetration of this mlcrocrnck by photoresist developers has been 
unsat isfactoi y . 

A plan of attack to ti])timli',u metal lift-off of sputtered 
films incorporates .an initial investigation of optimizing lift- 
off of the tberm.ll fivaporated deposited metals. Thermal evaporated 
or l>beam deposited films aie mticb easier to lift off since they 
are typically cbaracterlzed by j oot step coverage. 

Before thermal evepor.ated films could be investigated, our 
VnrJan Vl-?2I len I’ump thtomal evapor.'itor syst«in i»ad to be placed in 
workable condition. This system bad not been used for sotw four 
years, and wlu-n it was last us<d. Dr. Gassaway indicated difficulty 
in obtalnifig i ..iciuim due t < sluo i i ng probUms in the ion purap. 

This pump iMiipletel' ,1 i s.issc mb i ed .and cleaned by .a fjradii.ile 

student (I’liu i.inuig) and our mb teclmlclan (Becky Hamilton) and 
reassembled. Tbe system Is now v,'orking quite .idee lately. 


(> 


Very koo.I ri*siiltK ( n li.ivi- Ihm>ii old n i im'iI iiMiny, I Ik. I tu>rm;il 

ovaporaU'il sy.Urm, OKperInliv wiu-n «tnnlny Inp. relatively 

llilck (2mlorotiM) positive resists films. The fo1 lowlnt; experi- 
ments are sclieduletl to be performed prior to p.oiiiK hark to the 
sputtered niel.ils: 

1) jjeneral Injt a sandwich of positive photoresists iukI 

polylmide viii first deprsitlnK a layer of pliotori sisl , 
then a l.iyer polylmide, .nnl lastly . mother layer 
of phot (treslst (lo pattern the nolylmlile). It is 
expected that developments of the photoresist will 
take place at n faster rate than the development of 
the polylmide, result Inj* In cons Ider.ih 1 e nnderent t Int* 
of the bottom pliotoiesisi layei . 'lliis shuoiJ result 
In p«’or sidewall c«>veraRe and hence good lift-off 
propert fos. 

r\ 

ii) investigate neneratioti of sidewall metal "cracks" by 
taking advantage ot tlu* thermal e^tpanslon properties 
of tiu plu'to resist. I’liere ar« two melluidM of Investl- 
giti'iv, tills .-lilt Ic Ip.il <‘d phenomena. The first Is to 
J«.-po:.il tin- nei.il .it appi ox i i<ri I e I v roun 1 < .mper it lire and 
I iiep heating the w<i*er to an elevated tempen tore sucli 
that the photo resist espands, generiting tracks at the 
sltlew.ills (the weakest I’oliit). Hie photnreslKt developer 
cm then p.'iietrate these I'raeks ft>r easv metal lift-off. 
Ihe second (and more difficult) Involves depositing metal 
on till wafers vlille the wafers are cooled tc a temper.ature 


Verjr good results to dste have been obtained usli^ tbr, ttwfmtl 
evaporated laetal syaten, espec;tany when employing relatively 
thick <2 microns) positive resists films. The following experi- 
Mnts are schMuled to be pcrforned prior to ^Ini back to tlM 
sputtered metalsi 

1) generating a sandwich of positive photoresists and 
polylmide vie first deposltli^ a layer of ptwtoryslat, 
then a layer of polylmide, and lastly anorher layer 
of photoresist (to pattern the polylmide). It la 
expected that develoi^i^nts of the photoresist will 
take place at a faster rate than the development of 
the polylmide, resulting In considerable undercutting 
of tfie bott^ photoresist layer. This should result 
In poor sidewall coverage and hence gocwl lift-off 
propert ie», 

11) Invent generation of sidewall metal *'cracks'* by 
taking advantage of the ttiermal expansion properties 
of the photo resist. There are two methods of Investi- 
gating this antlflpaltid plienornena . The first Is to 
deponii iht> met.il .it ajipi oh juntuly temperature amJ 

then Heoiing the wufer to an elevated tempen ture such 
that the photo resist expands, generating cracks at the 
sidewalls (the weakest point). The photoresist developer 
cun then pwnetrate these cracks for easy metal lift-off. 
The Hocond (aid more difficult) involves dcj^alti^ me&ii 
on the wafers vliile the wafers are cooled tc a taperatMte 
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well below room l emporntiir« . Ah l he wnfern w.irm berk up to rocwi 
temperature (rr above), the photoreHibt will expend, ajtnJn rer^iilting 
ill crjoked sldewallH. 

Two papers were preKeiiteil el t lie l‘>/4 Wasblngton I.L.D.M. lon- 
ferenee on the siibjert of melal lift-off. The mom proiniHfng of 
tlio two was piesented by personnel from ibe Central KeHearch i.ob- 
oratory of liit jclii l.td., .Japan, whieh employed P.I.f}. (I'ltachl 
polylmide) as ilie lift-off I aver witli a MoIvltHenum musk and 
reactive RF sputter etching lor patterning. 


liMi talSM 


tmMpmmwimmi At tlw mfcrs me* teek 19 M raai 
tlMt i gitBift #f liNwi), CM plwtotMtet will ^In wMitiflil 

in CtMlHNl StifiMllB. 

«i«r« pr«MnE«d at th« If 79 Wishl^tM on»* 

ferwaca 911 tlw •^J« 6 C of Mtal ltfc*off. The mm prenlsli^ of 
the tiro iroe presented hf personnel froa the Central Keseareh Leh* 
oratory of Hitachi Ltd,, Japan, which wployed P.T.Q, (Hitachi 
polyloldc) as the lift-off Inver with a Holyhdeneo wash and 
reaetl^ IF sputter efchli^ for patterning. 



1 \' . DRY VROC r.SSlN C; r.Qini’Ml N T KVAI A’A^I^IDN 


KI'uirlK .»rt’ inn Im)' l<» .uivry v« u<l"i « nl ilry pi •!) 
oqiilpmrnt In ord^T to riMulc-r cvnlnaMv** nnti romp.irni Ivc Hludlitii of 
this i-quipmont. As thi* semicondiu't oi industry rends to move more 
niid more townrdn n totally dry fabriiMtion process, tiie number of 
vendors in tais aren incrons, s rapidly. 1 .inticlpnte that hv the 
termination ol tliis contract, oqolpment wIM he on the market which 
will have overi*4»me most of the m.iiot ohsloeleK exp-er i eiiced hy first 
generation equipment. Tnitinl indications are that if M.S.F.C.'s 
lirtcgrated circuits laborntorv is to stay abreast with Industry, 
additional drv processing equipment will s(m>ii need to be procured. 


BWGWAt 

QP QtJA^TTT 


PAGE » 

Quwjn 

jr. 

M’TURr. TH KNl) IN VLSI FAP.RirAT TON TKOINJQy KS 
Ah wc! cnlrr a new ijrcndf, n ronn ((lernbl «• of proHontqf Iooh 

and paf-^rn have hcon deUvorod hh rel.itnd to fiiture trendN In micro- 
cloctronlcs. Miiterlal Ik hclnj» rolleried for presentation In the 
flnol report relative to amh broad arenK an llflmgraphy (with 
emphoHlK on optical, elertmn beam, x-ray, cIlr»’. t-Htep-on-wafer, 
(•Lc.), prui'UHhcs at: related to devl.eK, procesHeH kh rt luted to 
fuhrlrutiiui (low prewsure C.V.n., Iiiph pressure oxide, plasma 
enhanced resist material, etc.) and t Itc like. 
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VI . M.S.U. MICROELECTRONICS RE SEARC H LABOR ATORY 

This past quarter ronslderahle amount of effort has been 
devoted to developing equiiwient and capabilities within tlic MSI' micro- 
electronics laboratory. The loss of a faculty member (Or. Wayne 
Causey) has hampered our start-up schedule on some key pieces of 
equipment somewhat. However, progress has been made in the 
f ol l('wing: 

1) Complete rebuilding and revamping of Vi 221 ion pump 

"l 

metal deposition system for thermal evaporation. 

2) Completion of assembling E-heam vacuum system received 

• through industrial donation. (We are still missing two 

E-beam power supplies for this system). 

3) Vacuum svsrom and source assembly for the Kasper 100 K.e.v. 
ion implantation svstem. Chamber redesign and final test 
pro^ci dures are required before start-up. 

4) Complete replumbing of gas lines for monolithic room, 
iiicludiiig i*nlargin)» of gas cabim-ls to facilitate 1.S160 



and .P-ih tanks. 


5) Generator operation and replumbing completion for Unlpak 
VIII epitaxial reactor to be used for silicon nitride and 
polysilicon deposition capabilities. Final testing and 
start up yet to he completed. 

b) Preliminary development of low-pressure C.V.D. machine 

(to lu> built In-liouse) using quartz lamps as bi*ating source, 
largo quartz epitaxial tube as cor.rainer and graphite 
susceptor as wafer holder. 


11 
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7) C-V Lost Sft up with hut cImk l> fur h»*;itiiiR w.ift rs L.i 
'tOn’^C cyr]p. 

3) Deiuniiseu water lesisi.unre nalei (huilL iii-iiuu»e) fur 
monitoring water resistance to 20 Mi-g ohm-cm. 

9) 1 n*:t al la I i on ol re.iil ivt.* g.is HCMilihcr (industrial donaLiuii) 

on roof 

10) Installation of SPICr (non linear simulation i»rogran;) and 
Sl’I’IlKMK (fah, process pioj.i.iin) «>ii liiiivcrsity computer. 
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VII. PROPOSED WORK NEXT QUARTER 

It ir. anticipntod tlvit for nost quarter, a continuation of 
work Indicated In this progress report will be undertaken. The 
installation of the small diffusion ftirnace for curing polyimide 
materials is anticipated as well as the ordering of .» new 
ultrasonic cleaner for use in metal lift-off processes. Possibly 
a trip to tlie West (’oast to attend the .Seni i conductor Micrnlitho- 
graphy V Seminar (to be held Marcli 17-18) in addition to visiting 
vendors of dry processing equipment for purposes of avaluation. 


a 
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Vlll. PROBLKM ARlilAS 


projected, 


progress Is not nn»ving quite as rapidly 
no major problem areas are forcasted at 


as 1 liad initially 
this time. 
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